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CATALASE, OXIDASE !\WD lOmZKBL'E, 
COirS'TITU-^OTS OF THE TOMATO .AS 
INFLDT^HCED BY TirS SOIL Rl'IACTIOl 
lUTRODUCTIOK 
The removal of the old soil in greenhouse 
benches is an expensive procedure. Plant growth is 
sufficiently better ^'/hen new soil is placed in the 
benches to v/arrant the necessary expenditure for 
soil renevml at freq.uent intervals, in many cases 
as frequently as once a year. One of the important 
alterations occurring in bench soils in -greenhouses 
is the change from a slightly acid reaction, common 
to most soils v/hen first placed in the benches to 
a highly alkaline reaction, due to the addition of 
alkaline material in watering. 
The present problem was undertaken to 
determine the effect of the soil reaction (pH value), 
first, on the grov/th of the tomato plr-int, second, 
its effect on catalase and oxidase activity, and 
third, its effect on ionizable constituents as 
determined by electrodialysis. 
HISTORICAL REVIEW 
Catalase and oxidase are usually thought 
to 'be associated with the respiratory processes of 
the plant, but raany v^orkers have found results v/hieh 
[ 
conflict with this view, Appleraan (3) concluded that 
: with a decrease in the respiratory activity in the 
potato, the catalase activity decreased. The same 
I 
; author (S) in a later v/ork found thot catalase activity 
I of the juice of the potato tubers was associated with 
i 
i respiratory activity, "but that oxidase activity -as not 
associated with the rate of respiration. 
I Saell and Crist (19} worlcing with lettuce, 
radish and spinach plants found only s slight negative 
i correlation 'between oxidase activity ^:;nd growth or size 
f 
i 
i of the plants, but the catalase activity of the same 
j plonts was negatively si;gnificant. Drain (17) tried 
to correlate the catalase activity with respiration in 
a number of varieties of apples but did not find the 
two parallel in all varieties. Oldenburg was lov; in 
catalase activity as compared with Winesap, but the 
rate of respiration was much higher in the latter 
variety. The catalase activity was greatest in the slcin 
and subepidermal tissue of the apple, while the greatest 
oxidase activity occurred near the core. Reed (39) 
deraonstiated that oxidase and eatalase were independent 
of each other and that in the ripening of fruit catalsse 
increased v^hile oxidase remained constant or nearly so, 
Magness and Ballard (34) ViTorking v/lth Bartlett pears 
found eatalase to increase for a time as the fruit 
ripened tut then decreased raueh more rapidly than the 
rate of respiration. Thatcher (45) made tests on 
diastase, invertase, tannase, esterase, protease, oxidase 
and emulsion types of enzymes, and concluded that ripen­
ing changes in apples v/ere chiefly due to oxidases. 
Pathogenic organisms may influence the "res­
piratory enzymes'' as shovni "by the results of a numlDer 
of workers. VJoods (51) found that mosaic-diseased areas 
of tobacco plants sho-ved higher oxidase content and that 
darker green areas of diseased leaves showed less oxidase 
activity than mosaic areas. According to Buu2;ell (11), 
sugar ueet tops affected v/ith curly-top disease had two 
to three times as great an oxidase activity as healthy 
leaves. When plants were stunted by excet.sive drouth, 
or v.'hen grow.h was retarded through unknown agencies, 
the oxidase activity was increased. The same author 
(12) found curly-dwarf potato plants to show this same 
relation. Rose (42) found apple tree bark affected with 
Illinois canker to have greater oxidase activity than 
healthy bark. Harvey (25) working on over-growths in 
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the potato v/art disease, due to Bacterium tumefaciens, 
shov;ed that this abnormality v;as accompanied "by increased 
catalase content. He 'cms led to believe that the lov/ered 
acidity "brought about an increased catalase activity 
since the enzyme is knovni to deteriorate in acid solutions 
but is fairly uniforra in its properties at reactions be-
tv;een pH 7,0 and 8.0. The same author (24) observed a 
decrease in catalase activity in mosaic tobacco plants 
and an increase in hydrogen~ion concentration in the 
palisade cells of the diseased areas, V/eiss and Harvey 
(50) vjorlcing v/ith the potato-wart disease produced by 
Chrysophlyctis endobiotica found the hydrogen-ion con­
centration greater but the catalase activity greater as 
well. 
Respiratory enaymes, in dormant and germinating 
seeds have been investigated by several authors. Crocker 
and Harrington (15) found catalase activity and respira­
tion in the fruits of Andropogon halepensis ran parallel, 
but they did not find this condition in seeds of 
ji.maranthus. Rhine (41) stated that the early curve for 
respiration varied from the typical catalase curve for 
germination. She concluded that catalase could be used 
as an indicator of metabolism only in cases where there 
is not a rapid chan,;;e in respiration, Neraec and Duchon 
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(37) were able to show a positive eon elation betv/een 
oatalase activity and the viability of seeds. Borasio 
(9) found the opposite to be true, "By Gomi}riring the 
oatalase values of a number of sam.jles of rice represent­
ing different varieties and different harvests v;ith the 
germinating power of the seed, no .relationship could be 
established^" 
Zaleslci and Reiiihard (52) studied the effect of 
potassium nitrate, di-potacsium carbonate, magnesium 
sulphate, etc., on tjie respiration and respiratory enzymes 
of wheat, maize, peas, rape and lupines. They compared 
the respiration of plants grov/n in distilled v/ater with 
similar ones .^ror/ir^ in distilled ivater to which various 
amounts of salt solutions had been added. In nearly every 
instance lov/ered respiration as v/ell as lov/ered action 
of eatalase, reductase and zymase occurred in plants grov/n 
in the salt solutions. 
Oatalase activity in relation to .-jrov/th in fruit 
trees, especially the apple, has been studied considerably 
by ileinicke and his co-worlcers. I-Ieiniclce (26) found 
growth-producing substances increased catalase activity 
while substances which tended to iniaibit vegetative 
activity had a retarding influence on cai:alase activity. 
Organic nitrogenous materials seemed to increase the 
activity while carbohydrates v;ere believed to be the chief 
! 
i 
I 
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i ( 
j 
cause of reduction in catalase activity. The same author | 
(27) found apple trees grown on sandy soil showed less I 
1 
I  
catalase activity in the leaves than those from trees j 
! 
growing on a clay soil, whether the trees were culiivated | 
i 
or grown in sod, Apple trees v/hen grov/n in sod and given 
applications of nitrate of soda up to 8 ounces per tree 
shov/ed an increase in catalase activity of the leaves, 
Heinicke (S8) also determined that fruiting tends to reduce 
catalase activity in the bark of the apple tree. 3y j 
applying nitrates to only one side of the trees .Auchter 
(4) obtained increased catalase activity on the nitrated 
I  
side. Biechy (8) found that an addition of potassium 
fertiliser decreased the caialase activity of the plant. 
According to Knott (30) the catalase activity of sninaeh 
leaves v/as not influenced either by vegetative or 
reproductive type of growth. 
Gruss (21) reported that it was impossible to 
malce quantitative determinations of catalase in fresh 
potato extract on account of the rapid degeneration 
during and after grinding, Appleman (3), however, 
diseoverea that if the potato v;as j^round with calcium 
carbonate to neutralise the acids freed by the grind.Lng, j 
I 
diluted immediately and kept at 20°C or below, this I 
rapid degeneration was overcome and comparable results 
1 
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could be securei without any difficulty. Ileinicke (£6) 
found that the amount of calcium car'bonate en^ual to the 
green v/eight of the tissue '.vas in excess of that needed 
for the acidity to be corrected, but far more could be 
added v^ithout affecting the reaction. Beclcing and 
Hampton (6) using sodium carbonate to neutralize the 
plant acids concurred in this belief. Aecording to 
Knott (31) catalase activity of the tomato and spinach 
decreased more slowly at cool temperatures. 
According to Saell and Crist (19) samples of 
tissue prepared for the determination of oxidase acti^aty 
should be allowed to stand for about six hours before 
using. Oxidase activity of the sample increased for about 
six hours and then remained constant for ten or tvi'elve 
hours, after which there v/as a slo^;; decline. 
Within recent years electrodialysis as a means 
of studying certain chemical and physical phenomena has 
come into use. There and Crorgele\7slci (16) and Bernhard 
and Beaver (7) used this method as a means of determining 
the composition of serums. Lisbonne and "ielquin (oS) 
and Friclce et al. (EO) used this means of studying enxyme 
activities. The active and inactive constituents of 
insulin were separated by means of electrodialysis, by 
Taylor, Brovm and Scott (45). Hotfraan and aortner (29) 
split free agar acid from its calcium salt by this means. 
TConig, et al. (32) studied the replacealile bases of soil 
by tiio same method. Mattson (35) by the use of a three-
chambered cell improved the method by v;hich the replaee-
ai.le b'.ises of the soils miv;^ht be studied. 
Moore, Reeves •. nd ilixon (36) made use of the 
Mattson cell in studying apple tissue a fected v/ith 
Jonathan-spot as compared with norraal tissue and sub­
stantiated i-'entijer's (33) results, that Jori^rthan-snot 
was aecorapanied during storage by a loss of acids in the 
diseased area. 
Bradfield (10) by means of the r'attson cell, 
usin^i' K 01, KgS04, and IC H2PO4, all normal solutions 
v/ith respect to the potassium content, concluded that in 
every ease the caL.ion was reraoved more q.aiclcly than the 
anion. The rate of removal of the c tion v;as influenced 
by the nature 0. the anion v/ith which It was combined, 
while the rate of removal of the anions v.'as in the order 
of C1>S04>H2P04. In every case the cation was reraoved 
q.uantitatively, out the time req.uired was £;re:- er, es­
pecially in the case of the phosphate ion. He su^i^ested 
that the ra:>e of re^Aoval of anions v;ould be facilitateci 
by the substitution of a positive 'tiernbrane for the 
ne;;ative parchment raembrsne on the anode side. 
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MA?E3I^ .LS ;a'JD I^ STHODS 
IJev/ compost soil was placed in the greenhouse 
"bench. The individual plots ^vere separated by boards that 
extended the entire depth of the bench in order to prevent 
the soil of one plot from mixing v/ith that of another. 
The reaction (pH value) of the soil when placed in the 
"benches v/as 6.5. 
Since the soil was alv/ays acid v/hen placed in the 
"bench and "became highly alkaline due to the addative 
effect of the salts in watering, three reactions {pH 
values) 'r/exe decided upon, one extremely alkaline, pn 
8.5~9,0, one neutral or nearly soj pH 6.5-7.0, and one 
extremely acid, pH 4.0-4.5. These plots v/ere all run 
in duplicate. To secure the alkaline reaction, the soil 
was treated with hydrated lime in sufficient q.uantity so 
that the pH value v:as a'bout 9.0 a v/eek after tieatment 
•,;hen a fair degree of eq^uili'brium was reached. For the 
neutral plots the soil was not treated, since it was nearly 
neutral w3.thout treatment. The acid reaction was secured 
by adding phosphoric acid {H5?04) so that the reaction 
was 4.0 a weelc after treatment. 
The tomato plants used were of the Bonny Best 
variety. The seed v/as sown in a flat, the seedlings 
rjx-io3ced off v/hen one and one-half inches high and planted 
in tv/o-inch. pots, later shifted to four-inch pots and 
finally transferred to the treated plots xen days after 
the soil had Deen treated. The soil used in potting v;as 
ordinary compost with a pK value of 6.0-6,5. 
The fall crop was placed in the ij:reenhouse 
hench October 1 and completed its growth February 1. 
The spring crop was placed in the bench February 20. 
Determinations of the pH values of the soil of the 
various plots were tnade at ten-day intervals after the 
crop v;as benched. Small amounts of hydrated lime or 
phosphoric acid v;ere added from time to time to Iceep the 
pH v/ithin the desired range. 
To secure the desired information regarding 
growth and fruit production, yields were recorded by 
weighing the fruits when ripe. Relative growth on the 
various plots was secured after the fruit had been 
harvested. The plants were dug, the roots washed free 
of soil with tap water and then v/ashed with distilled 
water. Roots, stems and leaves were separated from each 
plant and air-dried in the laboratory for four weeks with 
the temperature ranging from 75° to 85^0., and then 
weighed to determine the relative amount of growth. 
Catalase and oxidase activity were measured on fresh 
material of leaves and fruit on both spring and fall crop. 
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Measurements of ionizable material by electro-
dialysis Y/ere made only on the fall crop. Electrodialysis 
of the fruit was made with sam.^les piclced frcm the vines 
and used immediately. Ionizable constituents of the root,, 
stem and leaf vjere deter-nined from air-dried material. 
Measurement of Catalase 
Essentially the same method was employed for 
preparation of samples as that used by Ezell and Crist 
(IS). A composite sample from several plants "/as made by 
means of a Ganong leaf punch. The leaves from v^hich 
sam:;;le3 were talcen v;ere just reaching vegetative maturity 
and samples v^ere taJcen from the same aged material each 
time to secure comparable results, since young tisaiie 
had been found by numerous investigators to be more active 
v/ith regard to most enzymes than old tissue. One gram of 
leaf tissue weighed immediately after removal from the 
plant v;as used for all leaf determinations. Samples of 
the fruits v/ere talcen by rjunching out a cylinder by means 
of a cor"-: borer one centimeter in diameter. Fruits of 
approximately the same size and degree of maturity were 
used and the saniole weighed immediately. The sample of 
both leaf and fruit v/as mixed v/ith an eq.ual weight of dry 
calcium carbonate, then E cc. of distilled v/ater added 
-12" 
and the mixture ground gently in a mortar until a uni­
form creamy mixture was obtained. Distilled water v/as 
then added so that the fresh i^round tissue vjas suspended 
in 25 cc. of water. The solution v/as then placed in a 
tij^htly stoppered bottle and kept on ice until used. 
Catalase activity was determined by Harvey's 
(23) modification of the Bunsel oxidase apparatus. Two 
cc. of the plant solution v^ere placed in the short arm 
of the tube and 5 c.c. of hydrogen peroxide in the long 
arm of the tube. The tube v;as suspended in a DeKhotinslcy 
water bath held constant at 35°C« Uniform shaking v;as 
accomplished by means of a motor-driven mechanical shaifcer. 
The oscillations v/ere timed so as to cause the solution 
to flow from one end of the tube to the other sit the rate 
of 90 times per minute. Before shaking commenced the 
tube containing the materials was placed in the bath and 
allowed to stand for ten minutes until it had reached the 
temperature of the bath. The tube was then shaken for 
three minutes and the amount of oxyfcen evolved measured. 
Measurement of Oxidasa 
Portions of samples prepared for catalase deter­
minations v;ere used for oxidase determinations. The 
procedure was essentially the same as that used by Saell 
and Crist (19). Two c.c. of the prepared sample were 
;] placed In the short arm of the tu"be, ^:yhlle 5 e.c. of a 
fj fresh one percent pyro^allol solution ^.vere placed in the 
;i 
Ions arm of the tube. An alkali vile containing 1 c.c. 
i of normal sodium hydroxide was put in place and the inan-
ometer adjusted. The reaction tube v;as :jl£iC0d in the bath 
\ 10 minutes before shalcing to allov/ the raaterials to reach 
I 
I the temperature of the bath. The reading of the man-
{ oraeter at the end of one hour was talzen as a measure of 
I oxidase activity, 
( t 
Gheclcs were run on all samples for both catalase 
and oxidasCo All results given are from samples \7hich 
chec;ced v/ithin 0.4 CoC. Samples from the same plot talcen 
I the same day checked within this range. All results 
given are avera^j^es from four samples. 
Ivleasurement of lonizable Constituents 
The l-Mttson (55) cell for electrodialysis as 
modified by Clr.rk, • Humfeld and Alben {14) v;as used for 
this xjurpose. The procedure v/as similar to that of 
Moore, Reeves and Hixon (36) with the exceptions of size 
of samples, time intervals axid voltage v/hich are noted 
in the tables. In running samples oi the root system 
it Yj&s necea'sary to make a composite samjle of tv/o root 
systems, since 3 grams of the ^jround tissue v;ere used 
and the root system of one plant did not furnish ade^^uate 
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material. In all cases of stems and leaves 3-^rara 
samples of individual plants v/ere used. The air-dried 
material v/as £;roand in a Wiley mill and passed through 
a 60~-mesh sieve. In the case of the fruits, samples of 
fresh material comjosed as near as possible of eq,u.al-
siK0d fruits were made up. Tests v/ere run on both ripe 
and green fruit. The green fruits were picked just as a 
faint trace of yellov/ color appeared at the blossom end. 
By this means it was possible to get composite samples of 
fruits of about the same maturity. 7/lien very green fruits 
were picked, it was impossible to determine the degree 
of maturity. Some blossoms were tagged the day they v/ere 
hand pollinated, but since all blossoms pollinated on the 
same day did not mature their fruits anywhere near the 
same time, this guage of maturity was not reliable. Both 
ripe and green fruits were run through a food chopper until 
they were of a creamy consistency. It was impossible to 
attain this condition with very green fruits, which was 
another reason for using the fruit just as the first trace 
of color appeared at the blossom end. Fruits used for 
analysis -/hen just shov/ing a faint trace of color at the 
blossom end will be referred to henceforth as "green 
mature." 
In case of the ground tissue of the plant 3 grams 
were placed in 300 c.c. of distilled vater in the middle 
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comijartmsnt and £75 c.c. of water in each of the anode and 
cathode corapartments. The parchment paper used to 
separate the compartments was dial,ysed 1 hour in distill­
ed Y^ater to remove ioni^aDle constituexits» The parch-
laent paper was kept in a humid atmosphere before using 
it in the cell, the swelling was so great after the water 
v/as added as to cause the papers to "be limp and flaeid. 
Electrodialysis of fruit, leaf, stem and root 
rendered none of the pigments soluble, so no discolor­
ation of parchment paper occurred. Consequently, the same 
parchment paper was used until broken or torn rather 
than chanije to nev; parchment paper bee;:use if the paper 
v/as stretched tightly originally, the samoles checked much 
closer. After the sample had been dialyaed, the compart­
ments 'were filled with distilled water and paper red-
ialysed to remove any ions remaining from the previous 
sample. V/ith the fruits 250 g;rams of the green fruit or 
275 grams of the ripe fruit, after making up to volume 
of 300 e.c« with distilled water in a 500 c.c. graduate, 
were placed in the middle compartment, and 275 c.c. of 
distilled water were used in each of the cathode and 
anode compartments. 105 to 110 volts of direct current 
from storage batteries for all the root, stem and leaf 
samples v/ere parsed through the cell. The voltage used 
on the fruits varied and is given in the tables. 
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.11 clata are the res-ilts of three to 
five analyses on samples from nach plot. These checked 
v;ithin narrov; limits v/hen conditions v/ere as nei.ily alilce 
as possible. In ordr to obtain comp rable samples, the 
platinum electrodes must alv.'ayG ocoup;/ the sa:ne position 
in the cell and the parchment mtcnibianes mast "be stretched 
taught and not allov/ed to bulge. Tner. those precautions 
vjere observed it v;as relatively easy to obtain checks 
v/ithin 2 to 4 o.e. where the total l/lO titrateaole acid 
or base i.YOuld ran as hi/jii or hi^^her than SOO e.c. The 
material v/hich came out on the basic side (anolyte) v/as 
titrated ;7ith h/10 HgSO^. r^ind on the acid side (catholyte) 
v/ith k/10 HaOH. At the end of the designated time the 
anolyte and catholyte v^ere drained and the current shut 
off. It required about 2 minutes to drain and refill 
the anode and cathode compartments and then the current 
?/as turned on again and the time was recorded from the 
starting and stoppage of the flov/ of current. This method 
differed from Moore, Heeves and Hixon's \vorlc (36) in that 
they left the current flov/ing v;hile drainin.^ and refilling 
to prevent a return of the ions in the middle compart­
ment , Hov/ever, closer checks viexe obtainable ./here the 
current was shut off and the same length of time used 
each period for draining and refilling. Titrations on 
-17-
the acid side (catholyte) v/er-e titiafced •./ith Iv'/lO liaOH, 
"but are given in ulie results as the amount of titrate-
al)le acid present in the plant tissue. Titxateable base 
determined v.'ith H/lO H2SO4 are, given in terras of l i / lO 
bass present in the tissue. 
WORK 
Effect on Grov/th and Yield 
A3 v/ill be noted in table I the soil reaction 
had considerable effect on both yield and growth of the 
tomatoo 
Table I 
TSffect of Soil Reaction on G-rov/th and 
Yield of Tomato Plctnts 
Soil rYield per 
Reaction : plant. 
Average wei.ght per plant 
Material air-dried 
Roots Stems Leaves :Total 
pH 8<,5-9,0:2,52 lbs. 2,5E gns. 32,90 gms., 
• 
56.90 gms;92,32 
pH 6.5-7,0:4,06 lbs. 2 0 30 gins, 31.25 gms^ 79.30 gmaill3.35 
pH 4.0-4.5:3,04 lbs. 2 tt o4 gi!is. 24=74 gms<. 57<,34 gms^34^92 
Tv/o plants on one of the acid plots • nd three 
pli-nts on the allcaline plots showed evidence of mosaic, 
and were discarded. One of the vines on an acid plot in 
the series became infected v/ith wilt and v,'as likewise 
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disearded, 
Tile largest yield per plant ,7as secured on plots 
v/here the soil reaction had a pH value of 6.5~7o0 and 
the smallest yield on the allcaline plots, pPI 8o5-9a0» 
JTaximura root grov;th as measured "by the v/eight of the air-
dried material occurred on the allcaline plots. There was 
very little difference in root growth bet'aeen plants grown 
on the neutral or acid plots. The greatest amount of 
total dry matter was secured on the plots with a neutral 
soil reaction, v/hile the alkaline plots produced only 
81.4 percent as much total dry matter as the neutral 
plots, and the acid plot only 74»9 percent as much. 
Effect of Catalase and Oxidase Activity 
Measurement of catalase and oxidase activity 
were made on the leaves and fruit of both fall and spring 
crop. Tables II to 1, inclusive, give the results of the 
findings with respect to oxidase and catalase activity 
for the fall crop. 
Differences in catalase activity were most 
pronounced in the case of the green mature fruits. 
Fruits on pl;-nts from, soils v;ith a reaction of pjS 6.5-7o0 
consistently showed less catalase activity than those 
from soils with pH 8.5-9.0 and 4.0-4.5« Fully ripe fruits 
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TABLS II 
Catalase and Oxidase Activity of 
Tomato Fraits of Different Stages 
of Maturity Grxov/n in Soils l?ith 
Different pH Values. 
December 20 
Oxidase c.c. " Catal ace 
of Hg dis­ (c.c. of water displaced) 
placed at 
Soil end of 60 Time in minutes 
Reaction 
1  
minutes • 
1 : 3 
Green !;iature Fruit 
pH 8.5-9,0 1.70 1.1 1.3 1.5 
pH 6.5-7,0 1.50 0.3 0.9 0.9 
pH 4.0-4.5 1.30 Eo7 3.3 3.7 
Ripe Fruit 
pH 3.5-9.0 lo65 0.9 1.1 1.3 
•oK 6.5-7,0 1.75 1,3 1.5 1.7 
pH 4.0-4.5 1.35 1.4 1.7 1.9 
Green Fruit 
pH 8.5-9,0 1.10 0,6 0.7 0.7 
pH 6,5-7.0 1.S5 0. 7 0.9 1,0 
pH 4.0-4.5 1.30 0.7 OoB 0,9 
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TABLE III 
Catalase and. Oxidase Aotivity of 
Tomato Fruits of Diff 'erent Stages 
of Lfaturity Grown in Soils iVith 
Different pH Values. 
January 5. 
Oxidase c.c. 
of Hg dis­
placed at 
end of 60 
minutes 
Catalase 
(c.c. of water displaced) 
Soil Time in minutes 
Reaction • * • • 
1 : 2 ; S 
Green Jature ?ruit 
pH 8.5-9,0 
pH 6«5-7,0 
p.H 4o0~4o5 
1.40 
1.55 
1.70 
1.6 lo8 2c 0 
1.0 1.2 1.3 
2<,7 3o 0 3,3 
Ripe Fruit 
nK 8.5-9,0 2.00 2.3 2.7 2,9 
dH 6.5-7,0 1.95 0.8 1.0 Id  
pH 4.0-4.5 £.10 0.9 1.1 1,2 
Very Green Fruit 
pH 8.5-9a0 .95 0.5 0,7 0.8 
pH 6.5-7,0 1.05 0.5 0.6 0.6 
pH 4,0-4.5 1.25 0,7 0.9 1.0 
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TABLS IV 
Catalaae and Oxidase Activity of 
Tomato Fruits of Different Stages 
of Maturity G-ro'^ in Soils With 
Different pH Values. 
January 19 o 
« • 
• * 
0;-:idase e.c. ; 
: of Hg dis- :(c O 0 » 
Catalase 
of v;ater di splaced) 
Soil 
: placed at : 
: end of 50 : Time in minutes 
Reaetiozi : minutes : 
• • 
• • 1 
* * 
• »•./ 9 3 
Green Mature Fruit 
pll 8,5-9»0 
pH 6.5-7o0 
pH 4o 0-4o 5 
1.80 
1.75 
1.90 
2« 2 
1.0 
2.4 
2.4 
1.2 
O >7 
2.6 
1.3 
2.9 
Hipe Fruit 
pH 8.5-9*0 
pH 6.5-7o0 
pH 4o0-4.5 
2.10 
2.18 
1.90 
0.9 
0.9 
1.0 
1.0 
1.0 
1.3 
1.1 
1.1 
1.4 
Green Fruit 
pll 8.5--9o0 
pH 6.5-7.0 
pH 4.0-4.5 
1.00 
,90 
,90 
0.7 
0.7 
0.6 
0.9 
0.8 
0.7 
1.0 
0.9 
0,7 
-S2-
TABL^ Y 
Gatalase and Oxidase Activity of 
Tomato Fruits of Different Stages 
of Maturity Crro\7n in Soils V?ith 
Different pH Values, 
February l. 
Oxidaae c.c. : Gatalase 
of Es dis- :(e.G. of v;ater displaced) 
Soil 
placed at : 
end of 60 ; Time in minutes 
Reaction minutes : : : 
:  1  :  2 : 3  
G-reen Mature Pruit 
pH 8.5-9.0 
pH 6.5-7.0 
pH 4,0-4.5 
1.90 2.0 2.2 
1.90 1.2 l.S 
1,80 2.4 2.7 
2.4 
1.3 
2.0 
Ripe Fruit 
pH 8.5-9.0 
pH 6.5-7.0 
pH 4o0-4,5 
1.75 1.0 1.5 
1.90 ' 1.3 1.5 
2«00 1,4 1.7 
1.5 
1.6 
1.9 
Green Fruit 
pH 8.5-9.0 1.10 0.6 0.7 0.7 
pH 6.5-7.0 1.15 0.7 0.8 0,9 
pH 4.0-4.5 1.25 0.7 0.9 1,0 
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also shov/ed less activity from the neutral plots than 
from the acid or allcaline plots, but the differ-Gnces v/ere 
not so raaxkea. as in the green mature fruit. Ho consistent 
differences in catalase activity v/ere noted in the very 
green fruits, but catalase activity v/as at the minimum 
at this stage of maturity; so if there Jere any differ­
ences, they were not significant. 
Oxidase activity v/as .•;i-reater in ripe than in the 
very green or green mature stages, "but this was independent 
of the soil reaction or grov/th and yield. The oxidase 
activity of ripe fruits from acid, allcaline or neutral 
plots vas practically the same. 
Since the least catalase activity occurred in 
fruits talcen from plots of pH 6.5-7»0, it was thou.v:ht that 
this difference in activity rniiiht be due to differences 
in pH value of the fruit in various stages of ripening. 
The juice of the' fruits was squeezed out through several 
layers of cheese cloth and the pH value of the juice 
determined by the quinhydrone method.. The follov/ing 
table shows the results. 
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Table VI 
The pJi Value of the Tomato Fmit in 
Different Stages of Ripening, 
Soil • Condition : pH : pH 
Reaction • 
• 
of fruit : -January 13 January 20 
Ripe 4.25 4.11 
pH 8.5-9. 0 Mature Green • • 4.03 2.91 
G-reen 4.11 ;5.98 
Ripe 4.25 4.11 
pH 6.5-7, 0 Mature Green a. 75 3.94 
Green 3.96 4'.08 
Ripe 4„29 4.13 
pH 4,0-4. 5 Mature Green 4.04 3.95 
Green 4.06 4.03 
In general, the changes in pH value were not 
great, but this might be expected in a '//ell-buffered 
solution such as that of the fruit juice. In ripe, 
mature green and very green samples taken from the same 
plot the pH value v;as all^^htly lov7er in the green mature 
stage than in the very green or ripe stages. Hov^ever, 
the differences v;ere not great enough to account for the 
increase or decrease in catalase activity at any particu­
lar stage of development of the fruit or from any 
particular soil reaction. 
Catalase and oxidase activity in the leaves were 
measured first on December 20 v?hen the fruits v/ere 
beginning to ripen; again on January 12 when about one-
half of the crop had been picked and again on February 1 
2b" 
vjlien practically all of the crop had matured. 
The oxidase activity of the leaves v/as not in­
fluenced b:' the soil reaction or resulting gro'.vth. 
Catalase activity of the leaves shov;ed the same relation­
ship ^;ith reference to soil reaction and resulting growth 
as the green mature fruits, i.e., the least catalase 
activity occurred in the plants from plots v.'ith a coil 
reaction of pH 6«5-7<,0« Measurements made on December 
20 shov/ed less catalase activity on all plots than t:iose 
made on January 12 and February 1, 
Since the soil reaction and resulting growth 
apparently had no effect on the oxidase activity of fruits 
or leaves for the fall 3r,op; 520 measurements v;ere made on 
the spring crop, Catalase activity in the leaves v;as 
measured at two-weelc ."intervals, on "March iO, April 12 and 
April 26. Determinations '.7ere--mads--on the fruits only on 
one date, namely April 27, Vlhen leaf samples of ?.farch 30 
and April IS were taken only small green fruits were 
present in the first three clusters. Results are ,^ivon 
in table YIII. 
Results on catalase activity in the spring crop 
agree with those secared on the fall crop, Catalase 
activity of the leaves was less on the neutral plots 
(pH 6.5-7,0) and greater on the acid (pH 4.0-4,5) and 
alkaline (pH 8.5-9,0) plots. Both ripe, very green and 
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TABLE VII 
Catalase and Oxidase Activity 
of 'romato Leaves Crrovm in 
Soils Vfith Different pH Values 
Oxidase c.c. Catalase 
of Hg dis- :{0 . c. of v/ater di splaced) 
placed at ; 
Soil end of 60 Time in minutes 
Reaction minutes : 
• 1 : 2 :  3 
December- £0 
pH 8,5-9^0 1.55 4.0 5.2 5.7 
pH 6.5"-7o0 1.55 3.3 4.3 4,8 
pH 4.0-4»5 1.40 3.8 5 . 'D 5.9 
January IS 
pH 8.5-9.0 1.30 5.1 6.5 7.4 
pH 6.5-7.0 1.40 2.8 3.8 4,4 
pi! 4.0-4.5 1.35 8.3 3.6 9.7 
February 1 
pH 8.5-9.0 1.50 4.5 6.8 7.6 
pH 5.5-7.0 lo40 3.3 5,1 5.6 
pH 4.0-4.5 1.45 4.5 6e9 7.8 
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TABLE VIII 
Catalage Activity of Leaves and 
Fruit of the Spring Crop of 
Tomatoes, 
Catalase 
Soil (c.ca of .7ater displaced) 
Date Sample Reaction 
Time in mimites 
* • 
1 
« « 
: 2 : 3 
PH a<,5-9oO S,8 5,1 5, 6 
llarch 30 Le&ves pH 6o5-7,0 3,0 4,1 4,9 
pH 1^6 0-4.5 3,9 5.2 • 5,S 
pH 8,5-9o0 4, 6 5,4 S.l 
April 12 Leaves dH 6,5-7,0 P Q f i  J  3,6 5,8 
pH 4,0-4.5 1 o J- 4.5 5.7 
pH 8.5~9n0 A. ^  5.1 5»9 
April £6 Leaves pH 6.5~7.0 2,0 2,5 o o O w' 
pH 4«0-4.5 4.1 eJ ^ (1* 5,8 
G-reen pll 8.5-9,0 1,1 1, 7 2,1 
April E7 xjfature pH 6.5-7.0 0,8 0,9 1,0 
ITru-it pH 4o0-4o5 2,8 3,5 3.8 
Ripe 15H 3.5-9o0 1,2 1.5 1.8 
April 37 Fruit pK 6,5-7,0 0,9 1,1 1,3 
pll 4,0-4,5 1.4 1.7 1,9 
G-reen pH 8.5-9.0 0.7 0,8 0.9 
April 27 Fruit pH 5.5-7o0 G.6 0,7 0.7 
pll 4.0-4,5 0,7 0,9 1,0 
green mature fruits shov/ed the same reliction to soil 
reaction and growth as the leaves, though the difference 
in the ease of the very green fruit may "be v/ithin the 
limitD of Qxporinental error. As i/ith tlie fall crop 
catalase activity v/ae ;^'reater in the leaves than in the 
fruito 
Effect of Soil Reaction on lonizable Material 
Table IX includes some physical and Ghemical 
measurements of ionizable material in the ripe fruits, 
The voltage given is the initiv-al voltage recorded at the 
be.;:inning of the period of dialysis. A snail drop in 
voltage occurred v/here the asperate ran above 1.0, but 
at no time v/as the drop more than five volts by the end 
of the pcrioda The dialysate was drawn off freauently 
enoU:5h to prevent the temperature from /^'oing above 30®C. 
[Ditrateatile acid- and base are ^iiven in c.c= and are 
figured on a basis of h/10. 
Differences in acid and basic constituents due 
to soil reaction v;ere very small in the ripe fruit. 
v/ithin 5 hours and 20 minutes all of the basic constitusits 
were removed fruits taken frora plants grown on the 
alkaline plots and within 4 hours frora the neutral and 
acid plots. There ;7as 4.43 percent more ll/lO base present 
TABLS IX 
Results of Slectrodlalysls of Rj-pe 
Tomato Fruit from Soil3 of Differ­
ent t)h Values. 
« 
• Soil ; Soil * 4 Soil 
« Ij-f* 0.5-9*0 : pH 6 .5-7.0 n V 
Time Volts A._.peres Bs.se Acid Amperes Ss,i3 e Acid Araperes Base Acid 
Min. •• c.c. O.G. c.c. c.c. c.o. c • c • 
10 62 1.30 19.2 10.2 1.50 25*^ 12.g l,iJ-0 23.^  10.5 
10 32 1,30 20.2 10.2 1,10 20.i}- 11.7 1.30 2?.,k 10.6 
20 3 •W £>6.6 29.9 3.05 S2.^  2^ .6 3.50 30.1 
20 ^2 1.15 37.9 17.3 1.05 39.0 17.7 1.10 39.0 ig.i 
20 lOS 0,S5 21.4 15.g 0.20 15.0 I4.6 0.90 15.0 16.5 
ko lOS 1.10 Ik .2  21.2 0,^ 0 10. g lg.2 . o.go 10.^ 5 21.9 
M-0 lOg 1.00 10.3 IS. 3 O.ilO g.7 15.6 0.20 1.7 IS.9 
go 103 0.55 3.7 26.1 0.65 3.7 27.0 0.30 1.7 2g.l 
SO ICS 0.25 1.1 17.9 0.25 0.0 20.7 0.10 0.0 15.6 
IS .6 SO lOg 0.15 0.0 yi-.3 0.10 0.0 17.5 0.10 0.0 
f 
ro 
vo 
I 
koo 21^ ,6 lgl.2 205.^  195,, 4 1s9.-1 
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in the samplers from the nlots v;ith alicaline reaction 
than in those from the neutral plots. Conversely, there 
v/as 4o87 percent less h/10 oase in the fruits from the 
acid plots than in fruits from the neutral plot. Fruits 
from plants f^rov/n on the acid soil contained very little 
raore acid than fruits grovra on the highly alkaline soil. 
On the other hand, the acid constituents were 
removed niach more slowly than the liasic ones, .igain 
differences due to soil reaction were noted, hut they 
were very small and protahly not significant, since all 
of the acid constituents were not removed in the time 
allowed for electrodialysis. The fruit from plants on 
the alkaline plots contained 1,73 percent less acid than 
fruits from the plants on the neutral plots, but fruit 
from the acid plots contained 2.54 percent more soid than 
fruits from the neutral plots. 
The acid constituents «'er8 removed at a more 
uniform rate than the basic constituents as shov/n in 
figures 1 and 2. Slectrometric titrations were run on 
the anolyte and catholyte and are given in the appendix. 
Positive correlation between the soil reaction 
and ionisatile acids and bases of the green mature fruit 
is shown in table X„ 
Differences in the ionisable acids and bases 
in the green mature fruit, depending on the soil 
-Si-
Figure 1 
AGIO  ^nfe mmi. 
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Figure 2 
BASE - RIPE FROIT. 
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TABLE X 
Results of Electrodlalysis of Green Mature 
Tofflato Fruit from Soils of Different 
-qH Values. 
t  Son 
r)H g.5-9.Q j pH 6,5-7.0 : pH 
Acid Amperes Base Acid 
0»C« 0»0» 0«0e 
9.2 1.60 20.0 li!-.^ 
g.2 1.00 13.g 13.g 
23.1 3.30 7I .3  30.1 
17.^  1.10 3^ .9 17.2 
l^-.2 ,1.00 25.1 l4,g 
21.2 1.00 22.9 22.5 
1K,2 Q.hO 5.1 16.9 
2S.Q 0.70 '^ 3 27.S 
26.6 0.50 i^-,9 25.g 
25.^  0.30 2,B 20.1 
Time Volts Amperes Base Acid Amperes Base 
Min. c.c. c.c. C » 0 • 
10 32 1.90 27.0 12.3 1.15 21.1 
10 2^ . 1.70 25.0 10.9 0.30 14.6 
20 32 3.50 76.3 23.6 3.20 72.2 20 32 1,20 4o.3 16.5 1.50 
20 103 1.10 23.1 i kA 1.10 22.3 
1^-0 103 1.00 13.6 1.00 22.3 
103 0.50 h,6 1^ 1.3 0.35 5-3 
so 103 0.70 25.2 0.75 9.6 
m 103 0.20 0.6 17.9 0.40 3.7 go 103 0.10 0.0 13.9 o.jio 2.9 
225.5 17s.1 220.2 137.5 209.3 203.2 
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reaction, i/eie similar to thoije found for ti).e ripe fruit. 
Bade eonstitunnta v/ere /j.4 percent greater in fruits 
from plants of the alkaline plots and 4.9 5 yeroent less 
in the fruits from pl&ntfi of tlie acid plots as conpared 
v/ith those froffi the neutral plots. There v;£.s 5.01 per­
cent less acid in fruits from the alkaline plot said 8,37 
percent more acid in the fruits frora the acid plots as 
compared to the neutral plots. The percsntaga differonces 
v/ere greater for acids in the ^reen mature fruit from the 
acid and alkaline plots compared to the neutral plots 
than in the ease of the ripe fruit® 
Bases v/ere removed froa the tissue at a mxich 
faster rate ti:.an the acids, and although the rate of re­
moval of the acids v/as imch slo-ver it v/as at a more 
uniform rate as sho^^n in figures 2 and 4= The electro-
metric titrations of anolyte and catholyte are ^iven in 
the appendix. Since the acid constituents were removed 
much more slo'/zly than liasie ones, electiodialysis of the 
green mature fruits was carried on for approximately 27 
hours to determine if the relative differences of acid 
or "basic eoBstituents, depending on the soil reaction, 
v/ere changed 'by electrodialysis over a longer period. 
As shov/a in table'XI, the relative differences between 
"basic and acid constituents v/ere practically the same as 
X3aa9 isve 
2 sanST^ 
, 
1 
• * * 1 
V\ ' '  J 
9 
, 
/ 
/ 
/ 
? X • // 
/ 4 / « 
/ « y • 
/ # 
/ # 
/ # 
/ » 
! 
• 
• / 
e 
e 
•S'S'® H4 
'A-8'9 H<1 
'jS0IS9¥Sir 
«» « • c»» 
1I0S 
1 
1 
1 
1 
1 
1 
1 
• 
• 
• 
09 0 
or 
OS 
Of-
09 
Of 
mi 
091 i 
)s 
I 
OK i I 
08S 
§?) 
J 
u s  
oot 
-32-
! 
I 
I 
TABLE XI 
Results of Eleotrodialysls of Green 
Mg-tiire Toraato Fruit for T?;entv-seven 
Hoixrs, 
Soil 
pH 6.5--7-0 
Soil 
pH 
Time Volts Amperes Base 
c.c» 
Acid 
c.c. 
Arnoeres Base 
c.c. 
Acid 
c.c. 
10 min. 62 1.90 23.0 12.9 1.50 20.1 
10 It 32 l.?iO 23. g 11.6 1.10 1^1.2 
20 1! 62 3.00 7S.9 ' i .20 72.0 
20 tl 32 1.00 33.3 l4-.g 1.50 U3.O 
20 u lOl i  0.50 13.6 14.0 1.06 22.0 
il-0 H log 1.05 22.0 13.7 1.10 22.3 
il-0 II log Oj ' rO 3.7 12.3 0.60 7»3 
go H 105S O.ii-0 2.0 30.4 0.30 3.3 
go n lOS 0.35 2.2 20.7 0.20 0.0 
so II IQg 0.20 0.0 22.9 0.20 0.0 
150 If lOS 0.10 0.0 21.7 0.25 0.0 
13 hrs. lOS 0.10 0.0 60 0.30 0.0 
3 II lOS 0.05 0.0 S. 0 0.10 0.0 
2 1) log 0.05 0.0 5.7, 0.10 0.0 
15.6 
1^.7 
26.5 
Ic > S 
IS.7 
20,7 
12.3 
23.1 
13.2 
22 .6  
2S'J'r 
56.6 
13,0 
10.9 
I 
—>4 
t 
1630 min. ?lg.3 2^6.-' 211.0 307.1 
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those given in table X for the green mature fruit from 
the neutral and acid plots v/hen electrodialysis v/as carried 
on for the short poriodo 
The bases were removed in 5 hours and SO minutes 
from the neutral plots and in 4 hours from the acid plots. 
This corresponds to the length of time req.uired for the 
removal of "bases, as given in table X, in which ease 
electrodialysis was carried on for 6 hours and 40 minutes. 
Although the acids vjere not eorapletely removed at the 
end of the loiig period, there v;as a difference of 7.34 
percent betv/een the fruits from the neutral and alkaline 
plots as compared with a difference of 3,37 percent for 
the short period. The rates of removal of acidn and bases 
are shov;n graphically in figures 5 and 
A comparison of the ionizable coiistituents of the 
leaves from the three series of soil reactions given in 
table XII shows a tendency similar to that of the fruit. 
The leaves from the plants from the plots -with an acid 
reaction contained more acid and less base than leaves from 
plants from the neutral plots, vmile leaves from pl^.nts 
grown on soil v;ith an all^aline reaction contained less 
acid and more base than leaves from plants grovm in neutral 
soil. The rate' of removal of acid and base is shown in 
figures 7 and 3. 
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Figure 5 
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TABLE Xi: 
Results of Eleotrodlalvsis o 
from Soils of Different ? 
Soil  ^  ^ ~~ 
IDH g.M.O « • 
Time 
Min. 
Volts Amperes Base 
c.c. 
pH Acid 
c.o. 
pH Amperes Base 
C«0 • 
10 lOS 2.30 32.7 11.1^ 7.0 2.70 0.g5 21. 
10 log 2A0 33.9 11.11 g.6 2.67 1.20 2 t^ .  
15 log 2.60 53o6 11.59 15.g 2.52 2.20 k3.  
30 log 1.10 2if.O 10.72 20.5 2.3^  1.95 25. 
30 log 0.70 19,1 10.59 10.0 2.73 0.60 19. 
60 IQg o.go 11.5 9.92 16.g 2.33 0.65 19. 
120 log 0.30 7.1 9.61 15.5 2. '4-3 o.4o 10. 
120 lOg 0.20 10.7 9.gg 9.g 2.74 0.20 10. 
395 192.6 10^ .0 iSlJ 
I 
1 
I 
i TABLE XII 
j 
brodlalysis of Tomato Leaves 
[fferent pH Values ii " 
Soil ! Soil 
pH 6.B-7.0 1 T)H 
jliBperes Base pH Acid pH Amperes Base pH Acid pH 
? 0»0» C«0» C*0* CaOv 
0.^ 5 21.5 11.07 6,a 2.SB l.ifO 2S.7 11.07 g.3 2.94-
1.20 2^ '-.l ll.Olf 7.2 2.73 2.15 26.0 10.97 10.9 2.57 
2.20 45.7 11.53 13-6 2.40 3.90 ^7-7 11.46 27.3 2.3s 
1.95 29.9 11.10 2S.5 2.33 l.i^ o 27.0 11.10 19.2 2M 
0.60 19.9 10.65 10.9 2.79 0.65 17.G 10.65 19.5 2.4-3 
0.65 19.3 10.53 1^ .9 2.73 0.30 11.1 9.30 17.1 2.57 
0.i!-0 10.g 9.2g 17.^  2M 0.20 9.6 9.19 10.2 2.94 
0.20 10.7 9.19 10.6 2.65 0.10 S.5 S.74- $.7 5.07 
lgl.9 10$.s 175.6 121.1 
I 
I 
1 
I 
-4g-
Figure 7 
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Figure 8 
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The pH values of anolyte and catholyte were 
made by means of the Bailey (5) hydrogen electrode. The 
E. M. P. readings were converted to pH values from the 
tables given by Schmidt and Hoagland (43). Differences 
in titrateable acid of the catholyte between some of the 
runs from the same tissue were'very great, but the 
relative change in pll was very slight. The range in pH 
from the catholyte from all the plots was from 2.33 to 
3.07» Changes in pH from the anolyte were greater, show­
ing a range from 11.59 to 8.74. Differences in pH 
corresponded to the differences in titrateable base but 
the relative differences in the case of the pll values 
were not as great. 
Data presented in table XIII indicate that the 
ioniaable constituc-nts of the stems were influenced by 
the soil reaction. Percentage differences in titrateable 
ll/lO acid and base, depending on the soil reaction in 
which the plants were grovm, were greater than v/ith leaves 
and fruit. Differences in pH values of the catholyte 
were small compared to the amount of titrateable acid. 
Changes in pH of the anolyte showed a greater positive 
correlation v;ith changes in titrateable base. The rate 
of removal of the ions from the stem tissue is shovai in 
figures 9 and 10. 
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TABLE XIII 
Results of Electrodialysis c 
From Soils of Different pH 1 
Soil 5 ^ 
uH g.5-9.0 ? pH 6.5-
Time 
Min. 
Volts Amperes Base 
c.c. 
pH Acid pH 
c.c. 
Amperes Base 
c.c. 
10 log ii-.yo 11.75 16.2 2.31 3.90 ^0.5 
10 log 2.g5 26.if 11.32 11.0 2.^1-6 ' 2 .10 21.g 
15 log 2.H-5 21.6 11.35 12.5 2.31 i .go 12.6 
30 log 1.50 10.0 10.71 16.1 2.2i|- 1.90 10.6 
30 log 0.70 5.9 9.73 6.2 2.77 0.60 3.6 
60 log 0.50 5.1 9.16 7.9 2.69 0.50 3.5 
120 log O.il-0 6.2 10.02 9.1 2.63 0.50 5.3 
120 log 0.15 2.3 6.93 3.5 3.16 0.25 5.2 
395 126.9 82.5 103.7 
! 
I 
! 
i 
I 
! 
i 
TABLE XIII 
.ectrodialysis of Tomato Stems 
' Different pH Values. 
Soil : Soil 
aperes Base pH Acid pH Amperes Base pH Acid pH 
c.c. c.c. c.c. c.c. 
5.90 k-0.5 11.56 13.2 2M 3.70 36.if 11.53 12.g 2.36 
MO 21. g 11.10 2.9 2.52 3.00 20.0 11.32 12.3 2.36 
L.gO 12.6 10.7g g.9 2,60 2.50 10.5 11.09 12.2 2.3s 
L.90 10.6 10.53 li]-.2 2.3^ 3.^5 10.3 11.05 22.1 1.22 
D.60 3.6 5.12 16.i|- 2.31 0.^5 3.7 9.70 10.7 2.60 
0.50 
1 3.5 4.^5 
g.O 2.57 0.65 3.2 9.33 13.6 2.^1-3 
0.50 5.3 9.33 13.7 0.55 3.9 9.61 15.9 2AO 
D.25 5.S 9.35 2.75 0.20 3A 9.52 5.9 2.96 
103.7 92.5 91.5 112.0 
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Figure 10 
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The greatest differences betv/een amounts of 
ionizable acid and bose, depending on the soil reaction, 
v;ere found in the root tissue as sho\7n in table 17. Roob 
tissue from the alkaline plots contained 78,06 percent 
more n/10 base than lilce tissue from the neutral plots, 
Hov/ever, the tissue from the acid plots contained only 
15.19 percent less base. The root tissue contained 60,14 
percent more k/10 acid v;hen the plants vfere gro^m in an 
acid soil than v/hen they were grovm in a neutral soil^ 
Changes in pH of the eatholyte v/ere small, however, 
differences in the titrateable acid v/ere great. Changes 
in pH of the anolyte corresponded to changes in titrate­
able base to a greater degree than dth any of the other 
tissues dialyzed. Figures 11 and 12 indicate the rate at 
which the h/10 acid and base v/ere removed. 
Table ZY is a brief summary of the more important 
findings presented in tables IX to XI7 inclusive. 
Differences in total titrateable l/lO acid and base only 
are included. Differences in c.c. und percentages of the 
amount of acid and base contained in the respective 
tissues are presented. Findings with respect to the 
amount of ioni^able constituents in tissues from plants 
grown in the neutral plots were taken as a basis of 
comparison. 
TA3LS I? 
Results of Slectrodxalysis o 
From Soils of Different -pH V 
Soil : So 
x>E pH 6, 
Time 
Min. 
Tolts Araperss Base 
c.c. 
pH Acid 
c.c. 
pH Amperes Base 
c.c. 
10 102 1.30 20.S 11.36 5.5 2.90 1.30 21.0 
10 lOS 1.10 14.9 11.05 k.3 2,g^  0.70 10.2 
15 10^  1.35 15.7 11.22 6.0 2.8H- 0.70 10. S 
30 IDS 1.20 13.3 10.^ 5 10.0 2.3& 1.00 S.l 
30 10^  OJlO 30.1 11.Mi- ij-.o 2.92 0.20 4.3 
6o log 0.25 3.5 5,12 5.7 3.09 0.25 2.0 
120 lOS 0,30 2,25 k,&l J]-.l  3.13 0.20 1.1 
120 log 0.15 2 , 0  5.00 '1.5 3.26 0.05 o.ii-
395 103.1 i{-ii-.7 57.9 

! TABLS lY 
i ; 
btrodialyals of Toaato Rootg 
different -pH Valxies.' 
Soil ; Soil 
pE g.B-T.O ; pH 
sres Base pR Acid pH Amperes Base pH Acid pH 
c.c. c.c. c.c. c.c. 
'30 21.0 10.51 7.0 2.9^  l.i| -0 10.0 10.5^  ^ 6.0 2.&k 
.70 10.2 S. 5.3 3.09 0.55 2.7 ii.90 6.0 2.^ 9 
.70 10. g g.90 6.5 3.0^ 5- 1.00 5.5 9.5s 7.0 2.^ !^-
.00 S.l 7.50 11.0 2.57 3.30 IS.7 11.15 25.6 2.0^  
.20 4.3 if. 93 10.S 2.69 0.50 2. ^ 3.^ 7 6.1 2.75 
.25 2.0 .^90 6.0 3.02 1.00 4.3 9.33 13.1 2.40 
.20 1.1 6.2 2.9^  0.50 3.1 S.25 16.3 2.31 
.05 O.ij- i!-.7l 1.6 3.as 0.25 2.4 7.96 7.5 2.73 
57.9 5^ '-. 7 i!-9.1 7^.6 
i 
i 
I 
I 
1 
i 
i 
I 
I 
395 
875 
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TABLE X¥ 
Differences in Titrateable Acid and Base 
From Various Parts of the Tomato Plant. 
Summary of Tables IX to XIV 
Sample 
: Soil 
; Reaction 
; N/IO Base 
: c.c. 
% 
9 
5 C.O. 
Difference 
Percent 
: N/IO Acid 
« C m 0 • 
: Diff 
: c.c. 
erenoe 
Percent 
Pdpe 
Fruit 
PH 
pH 
pH 
g.5-9.0 
6.5-7.0 
21^^-. 6 
205.^ 
195.^ 
+ 9.2 
-10.0 -
ISI.2 
Igil-.ii-
1^9.1 
~  3 . 2  
-h ik7 
- 1.73 
•#•2.5^ 
Green 
Mature 
Fruit 
pH 
pH 
pH 
g.5-9.0 
6.5 -7 .0  
4.0-^.5 
225.5 
220.2 
209.3 
+• 5.3 
-10,9 
4' 2.  ^ 0 
-  k . S 3  
17s. 1 
137.5 
203.2-
0 )i 
+15.7 
- 5.01 
A g.37 
Leaves 
r)H 
pH 
pH 
g.5-9-0 
6.5-7.0 
ii.o4.5 
192.6 
lgl.9 
175.6 
+-10.7 
-  6.3-
+ 5.93 
- 3»^6 
10^-. 0 
109.9 
121.1 
- 5.9 
f21.2 
- 5 • ^ 6 
•fl9.29 
Stems 
tdH 
pH 
pH 
g.5-9.0 
6.5-7.0 
126.9 
103.7 
91.5 
f-23.2 
—12.2 
+22.37 
-11.76 
g2,5 
92.5 
112.0 
-10.0 
fl9.5 
-10.gl 
Roots 
pH 
pH 
pH 
g.5-9.0 
6.5-7.0 
^.0-4.5 
103.1 
57.9 
49.1 - g.s 
y-7g.  06 
-15.19 5^.7 37.6 
-10.7 
•7' 32.9 
-19.56 
f6o.ii; 
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DISCIJSSIOl 
The soils used in the plots wore all of the 
sairie type, were uniformly prepared bj? composting and were 
thoroughly mixed in a highly efficient eoil shredder; it 
v/as thought that this method vv'ould reduce the variable 
jTactors to a minimum. The use of soils \7ith natural jOH 
of the desired range v/as suggested. It v;as thou;;ht that 
the variations in fertility "between the soils from various 
sources v/ould increase the variable factors v/hich in­
fluence grov/th. 
The use of water or sand cultures v/ith pH values 
of the desired range /ould no doubt have kept the vari­
able factors to the minimum, but grov/th of the plants 
would not have been comparable to that secured v/hen plants 
v/ere grovm in soil. Since this ?;as a study of greenhouse 
soils, the conditions were more nearly coapi-irable than 
•v7ith water or sand cultures. 
By the addition of phosphoric acid to secure the 
acid reaction and hydrated lime to obtain the allcaline 
reaction, the calcium, hydrogen, hydroxyl and phosphate 
ions and the action of these on materials in the soil 
v/ere factors \.hiGh mi;i:;ht affect the growth and yield of 
the plant. However, since the respective ions may cause 
acidity or alkalinity as measured by pH, the acidity or 
-54-
allcalinity of t-iie soil v/as considered, in general as the 
factor v/hieh caused variation in grov/th and yield. 
Phosphorus is one of the essential elements for 
plant gro.-7tho Only the acid |)lot was treated v/ith 
phosphoric acid, but available phosphorus v/as present 
in the soil in sufficient quantities on the neutral and 
alkaline plots to secure normal growth. Repeated tests 
and observations of plant growth in the compost used in 
the greenhouse benches shovjed that it eontained enough 
of the essential elements for plant ^jro.vth v/ithout the 
addition of any fertilisers. Hence, phosphorus v/as 
readily available on all the plots. The same ..'as crue 
for calcium added in the hydrated lime. 
Sixteen plots in the gr^^enhouse ,vith soil re­
actions ran^ting from pll So5 to 9o0, used, for another set 
of experiments, gave similar results v/ith reference to 
yield and gro/th as the six plots included in this 
experiraent» She largest yields and raaximum growth v/sre 
secured on the plots with a soil reaction vihich v/as 
neutral or slightly acid. 
Van Alstine (48), Tarr and Hoble (44), Duggar 
(18) and .Appel (1) reported chlorotic effects from the 
use of .nutrient solutions v/here the pll was on the 
alkaline side. This was said to be due to the in­
solubility of the iton. ITo such results occurred on the 
plants grown in the greenhouse plots in a soil with a 
similar reaction, 
Catalase and Oxidase Activity 
'The data shov/ clearly that there v.'as a relation 
•between the catalase ;^ctivity and amount of grov/th and 
^ield in the tomato. The differences in catalase activity 
of leaf tissue frora plants grov/iug in various soil re­
actions were greater than in the fruit. Catalase activity 
v/as much greater in the leaf tissue than in any stage of 
maturity of the fruit and may accoimt for these greater 
differences. 
The catalase activity in ver2/ ijreen fruits v/as 
very low and consequently no consistent difference could 
be noted between fru.its frora the various plots. Catalase 
activity of the fruit appeared to be greatest in the green 
mature stage, and consistent differences due to conditions 
of ^jrov/th were noted. As the fruit ripened catalase 
activity again decreased for fruits frora all the plots. 
ICnott (30) found in spinach that v/hen the plant 
ehange:d from a vegetative to a reproductive t;>'pe of 
groYrfch' the catalase activity decreased. In the experiments 
reported here yield and grov/th v/ere associated on the 
neutial plot and catalase activity decreased under these 
conditions. Since production of fruit ^vas high on the 
-5S~ 
neutral plots, the type of ,;3-ro-tIi secured oould not "oe 
considered a vegetative type. The results reported here 
'..'ith respect to catalase activity '"ere in jiecord with 
the results of Szell and Crist (19) v/ho found a negative 
correlation betv;ecu yield and :^Tov,-th mhq catalase 
activity in tlie leaves of the apple, ileinic'lce (27) 
found catalase activity v/as reduced in the bar]^ of the 
apple tree by fruiting. He concluded that grov;th-pxoducing 
suuKtanees increased catalase activity, v/hile substances 
v/hich retarded vegetative activity had a retarding in­
fluence on such activity, :Csell and Grist (IS) toolc 
exception to this since their results, especially v;ith 
lettuce, showed that as grovvth increased, catalase Ect ivrby 
decreased. 
It appears from the present v;or'c that increased 
grox.'th accorapanied by increased yield inay be associated 
with decreased catalase activity, Keiniclce (27) consider­
ed only increased grov.-th as aGsociatsd v/ith decreased 
catalase activity and dicregarded yield of fruit as a 
factor« 
lo correlation v/as found in the present \7ork be­
tween grov/th, yield and oxidase activityo Reed (39) 
found catalase and' oxidase activity to be independent of 
each other, and this is substantiated here. 
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lonizable Constituents 
Three graros of air-dried tissue v/as used in all 
cases where roots, sterns and leaves were dialyaed. Fresh 
material v/as used with the fruit, S50 grams of the "green 
mature" and 275 graras of the ripe fruit, /iccording to 
Wehmer (49), the ripe tomato fruit contains 92-94 percent 
of v/ater, Therefore, the fruit samples contained 7 to 
9 grams on a drj' v/ei-^-ht basis. This v/as tvifo to three 
times as much as tiie root, stem and leaf samples. Con­
sequently, the roots and fruits contained the least 
amount of ionizalole material and the leaves contained 
the greatest amount, as measured in terms of u/lO 
titrateable acid and base. 
The various samples of the plant tissue used 
viexe as large as practicable in order to obtain a large 
amount of acid and basic material. Since the titrations 
were with IJ/lO HgSO^ and U/lO laOH, the larger the total 
amount of acid or base required to neutralise the 
dialysate the smaller the error. The sise of the sample 
v/as governed by the amp^^rage in a given length of time. 
It v/as not deemed advisable to alloiT the amperage to go 
above 4 for more than 1 or S rainjites, '-aid it was 
preferable to hold it below £ amperes since with high 
amperage high temperatures resulted. It may be noted 
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that the amperajje corxespondGd to the amount of acid and 
base removed, especially in the early stages of dialyois. 
The greater the total of ionizable constituents present 
in the dialysate, the greater the amperage. 
The greatest pcrcentaf^e differences of the acid 
c.nd basic constituents, depending on the acidity or 
allcalinity of the soil, v/ere found in the root systems. 
These differences decreased in the order of roots, steins, 
leaves, green mature fruit and ripe fruit. 
It is not surprising to find the greatest differ­
ences in acid and basic materials in the root systems 
of plants grov;n in acid and basic soils. Since the 
alkaline soil v/as treated with liydrated lime, one v/ould 
expect to find a greater amount of calcium salts present 
in the plants. The acid soil having been treated v/ith 
phosphoric acid would contain more acid material. 
Hartv/ell (22) found the percentage of phosphorus in 
turnips to be positively correlated with the amount of 
available phosphorus in the soil. Truog (47) pointed out 
that the pH value of the tissue or extract of a number of 
agricultural plsmts could be raised by the addition of 
lime to acid soils in v/hich the plants were grov/ing. 
This would indicate the intake of a greater amount or 
proportion of alkaline material. The findings of Reed 
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ancl Haas (40) were contiary to this, as they reported 
no differences in pH values of the sap expressed from 
vmlnut seedlings regardless of the reaction of the aolu-
tion in virhicli they «ere grown, 
/iS stated previously, the difTerences betv/een 
titrateable acid and case, depending on the acidity or 
alkalinity of the soil, •became less in the order of root, 
stems, leaves and fruit. Burgess t.nd Peraber (13) found 
the highest percentages of aluminum in the roots; con~ 
siderable in the leaves; a little in the steiTis and none 
in the gr;::.in of barley. It may be logical to sug.~;'est 
from their results and tiiose reported in these experi­
ments that there is an eq.ualiaation of base and acid 
materials by the time the ioniaable material reaches ihe 
fruit. 
The pH values of anolyte and catholyte were 
taken for roots^ stems and leaves, but the differences 
were small, especially where the a/nount of titrateable 
acid and base v/as large. This might v;ell be ecpected 
v/here the solutions were well bufferedo In many in­
stances the pH value on the basic side (anolyte) was 
less than 7.0 or neutral. The distilled xvater used was 
about pH 5«0, so one might expect readings lower than 
the neutral point. 
SUmtARY 
Tomatoes gxov/n on soil -.vitii a pH value of 
5.5-7.0 gave hi.^her yields and. made greater 3:-o?7th as 
measured ty total dry matter than tomatoes grown on soil 
of pH values 4«0~4.5 and 8.5-9.0. 
Catalase activity, .grov/th and yield v/ere 
negatively correlated in the vegetatively mature leaves, 
green mature fruit and ripe fruit. I^o apparent differ­
ences v/ere observed in very green fruits. 
In the tomato fruit eatalase activity v/as low­
est in very ^reen fruits, nnch greater in the green 
mature stage, and became less in the rioe fruit. 
Soil reaction and au-Dseauent .growth and yield 
had no apparent effect on oxidase activity, although 
oxidase activity v/as greater in the ripe fruits than in 
very green or .^reen mature fruits. 
Catalase and oxidase activity v;ere apparently 
independent of each other. 
More acid materials as determined by electro-
dialysis v;ere found in plants .jrown on acid soil and 
more "basic materials in plants ^rov/n on an alkaline 
soil. She percenta^'e differences were in the order of 
root,/stem,>leaf;-and fruit. 
The leaves contained the greatest amount of 
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ioni'zable materials, v/hile roots and fruit a^parantly 
contained the least. 
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APPE5IDIX 
Electroffietric titrstions made on the 
dialysate axe ploted in the following graphs. The 
symbols R]l, Rg Rg refer to the titrations made 
on the anolyte of the dialysate. The symbols 
Lp/ lie refer to the electrometric titrations made 
on the catholyte of the dialysate. 
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